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$a$ $\Gamma_{a}$ , $\Omega=\Omega_{i}\cup\Gamma_{a}\cup\Omega_{e}$
$\Omega$ $\Omega_{i}$ , $\Omega_{e}$ . 11
2.
$a$ $\Gamma_{a}$ , $X=L^{2}(\Gamma_{a})$
A . $\Gamma_{a}$ $\Omega_{e}$
.
$\Gamma_{a}$ $=t$ (a $\cos\theta,$ a $\sin\theta$) : $-\pi<\theta\leq\pi$ },




$( \varphi,\psi)=\int_{\Gamma_{a}}\varphi\overline{\psi}d\Gamma=a\int_{-\pi}^{\pi}\varphi$ ( $a\cos\theta,$ a $\sin\theta$) $\overline{\psi}$ ( $a\cos\theta,$ a $\sin\theta$ ) $d\theta$
.
$\{C_{0}=\frac{1}{\sqrt{2\pi a}},$ $C_{n}= \frac{1}{\sqrt{\pi a}}\cos n\theta,$ $S_{n}= \frac{1}{\sqrt{\pi a}}\sin n\theta,$ $n=1,2,$ $\cdots\}$
, $X=L^{2}(\Gamma_{a})$ . $D(\Lambda)$
$D(\Lambda)=\{\varphi\in L^{2}(\Gamma_{a})$ : $\sum_{n=1}^{\infty}(\frac{n}{a})^{2}\{|(\varphi,C_{n})|^{2}+|(\varphi,S_{n})|^{2}\}<\infty\}$
A ,

















$\Omega_{e}$ $\Gamma_{a}$ $\frac{\partial}{\partial n_{e}}$ . $(E_{e})$
$\varphi\in D(\Lambda)$ , $\frac{\partial u_{e}}{\partial n_{e}}=\Lambda\varphi$ . [8] .
3.
$(E)$ , $\Omega-\Omega_{e}$ $\Omega_{i}$ , $(E)$ $u$ $\Omega_{i}$ $\Omega_{e}$
, , $u$ ; $u_{e}$ .
(1) $u_{i}=u|_{\Omega_{i}},$ $u_{e}=u|_{\Omega_{\epsilon}}$ .
, $\Gamma_{a}$ $u$ , $\Omega$ ;
$\varphi$ $q$ .
(2) $u=\varphi$ , $\frac{\partial u}{\partial n}=q$ on $\Gamma_{a}$ .
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$u$; , $\Omega_{i}$ $(E_{i})$
.
$(E_{i})$ $\{\begin{array}{l}-\Delta u.\cdot=fin\Omega.\cdot u.\cdot=0on\Gamma\frac{\partial u}{\partial n}=qon\Gamma_{a}\end{array}$
$\Gamma_{a}$
$\varphi$ ,
$u_{e}$ , $\Omega_{e}$ . , $q=- \frac{\partial u_{e}}{\partial n_{e}}$ , A
, (3) .
(3) $q=-\Lambda\varphi$ .
$(E_{i})$ $u_{i}$ , $(\mathcal{E})$ .
$(\mathcal{E})$ $\{\begin{array}{l}-\triangle u=fin\Omega.\cdot u=0on\Gamma\frac{\partial u}{\partial n}=-\Lambda uon\Gamma_{a}\end{array}$
$(\mathcal{E})$ $u$ , $\Gamma_{a}$ $\varphi$ $D(\Lambda)$ ,
(4) $u_{e}=( \varphi,C_{0})C_{O}+\sum_{n=1}^{\infty}(\frac{a}{r})^{n}\{(\varphi,C_{n})C_{n}+(\varphi,S_{n})S_{n}\}$
$u_{e}$ } $(E_{e})$ ,
(5) $u=\{\begin{array}{l}u.\cdot in\Omega.\cdot u_{e}in\Omega_{e}\end{array}$




$a(u,v)$ $= \int_{\Omega_{i}}\nabla u\nabla vdx$ , $F(v)$ $= \int_{\Omega_{i}}fvdx$ ,
$l(\varphi,\psi)$ $= \int_{\Gamma_{0}}(A\varphi)\psi d\Gamma$ .
, $\gamma$ $H^{1}(\Omega_{i})$ $H^{1/2}(\Gamma_{a})$ . $V$
$V=\{v\in H^{1}(\Omega_{i}) : v|_{\Gamma}=0\}$
, $V$ $a_{\infty}(u,v)$
$a_{\infty}(u,v)$ $=$ $a(u,v)+l(\gamma u,\gamma v)$ , $u,v\in V$
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. , $(\mathcal{E})$ $(\Pi)$ ,
$(\Pi)$ $\{\begin{array}{l}a_{\infty}(u,v)=F(v),v\in Vu\in V\end{array}$
. $a_{\infty}(u,v)$ , $V$ , $(\Pi)$ .
$V$ (II) ,
$(\Pi_{h})$ $\{\begin{array}{l}a_{\infty}(u_{h},v_{h})=F(v_{h}),v_{h}\in V_{h}u_{h}\in V_{h}\end{array}$
. , $V_{h}$ , $l(\gamma u_{h}, \gamma v_{h})$
, $(\Pi_{h})$
. , . $\varphi\in L^{2}(\Gamma_{a})$ ,
$P_{M} \varphi=(\varphi,C_{0})C_{0}+\sum_{n=1}^{M-1}\{(\varphi,C_{n})C_{n}+(\varphi,S_{n})S_{n}\}+(\varphi,C_{M})C_{M}$
. $P_{M}\varphi$ $\varphi$ . ,
$a_{M}(u,v)$ $=$ $a(u,v)+l_{M}(\gamma u,\gamma v)$ ,
$l_{M}(\varphi,\psi)$ $=$ $l(P_{M}\varphi,\psi)$
, $(\Pi_{h}^{M})$ .
$(\Pi_{h}^{M})$ $\{\begin{array}{l}a_{M}(u_{h},v_{h})=F(v_{h}),v_{h}\in V_{h}u_{h}\in V_{h}\end{array}$
$V$ , $M$ $h$ . (





$\Gamma$ , . $\Gamma_{a}$ 2 $M$ ,
, $\mathcal{O}$ $\Omega_{1}^{M}$ ,
$\Gamma_{a}^{M}$ . $\Omega_{:}^{M}$ . , $\Gamma_{a}^{M}$
, .
, $\Gamma$ $0$ $\hat{V}_{h}$ .
$\hat{V}_{h}$
$v_{h}\wedge$ $\Gamma_{a}^{M}$ $\gamma_{M}(v_{h}\wedge)$ , $\Gamma_{a}^{M}$
, .
$\hat{\varphi}_{M}$ . $\hat{\varphi}_{M}$ $\Gamma_{a}$ $\overline{\varphi}_{M}$ .
. $\Gamma_{a}^{M}$ $b_{j}$ , $\Gamma_{a}$ $b$ ,
$(a),$ $(b)$ .
$(a)b_{j}=$ ( $a\cos\theta_{j},$ a $\sin\theta_{j}$ ), $\theta_{j}=\frac{j\pi}{M},$ $j=0,\pm 1,\ldots,\pm(M-1),M$ ,




$j=0,$ $\pm 1,$ $\ldots,$ $\pm(M-1)$ ,
$\overline{w}_{M}(b)=\{\begin{array}{l}1\pi-\theta<\frac{\pi}{2M} or \theta+\pi 0.else\end{array}$
$< \frac{\pi}{2M’}$







, $\overline{C}_{n}^{M}$ $\overline{S}_{n}^{M}$ $\Gamma_{a}$ .
$\overline{C}_{n}^{M}=\sum_{j=-(M-1)}^{M}C_{n}(\theta_{j})\overline{w}_{j},$ $\overline{S}_{n}^{M}=\sum_{j=-(M-1)}^{M}S_{n}(\theta_{j})\overline{w}_{j}$ .
$\hat{P}_{M\hat{\varphi}_{M}}$ $a_{n}^{M}=(\overline{\varphi}_{M},\overline{C}_{n}^{M})$ , $b_{n}^{M}=(\overline{\varphi}_{M},\overline{S}_{n}^{M})$ ,
. , $\Gamma_{a}^{M}$ $\hat{\varphi}_{M}$ , $L^{2}(\Gamma_{a})$
$\wedge l_{M}(\text{\^{u}}_{h},v_{h}\wedge)$ .
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$\wedge l_{M}(\hat{u}_{h},v_{h}\wedge)\equiv$ $\int_{\Gamma_{a}}\{\Lambda\hat{P}_{M}(\gamma_{M}\hat{u}_{h})\}\hat{P}_{M}(\gamma_{M^{\wedge}}v_{h})d\Gamma$ , $\hat{u}_{h},$ $v_{h}\wedge\in$ $\hat{V}_{h}$ .
,
$a^{M}( \hat{u}_{h},v_{h}\wedge)=\int_{\Omega_{j}^{M}}\nabla\hat{u}_{h}\nabla v_{h}\wedge dx,$ $F^{M}(v_{h} \wedge)=\int_{\Omega_{j}^{M}}fv_{h}\wedge dx,\hat{u}_{h},$
$v_{h}\wedge\in\hat{V}_{h}$
. , $M$ $\Omega_{i}^{M}$ $f$ .









$\Omega_{j}^{M}$ $\{b_{j} : 1\leq j\leq L\}$ . $N_{0}=2M$
$N_{0}<N<L$ ,
$b_{j}\in\Gamma_{a}$ : $1\leq j\leq 2M$, $b_{j}\in\Gamma$ : $N+1\leq j\leq L$
. $1\leq j\leq M$ $b_{j}$ \S 5 $b_{j}$ ,
$M+1\leq i\leq 2M$ , $b_{j}$ \S 5 $b_{j-2M}$ .
$\{\hat{w}; : 1\leq j\leq L\}$ . $w_{j}$ , $\hat{w}_{j}\in\hat{V}_{h}$ , $\hat{w}_{j}(b_{k})=\delta_{jk}$
. $\hat{V}_{h}$ ,
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$v_{h} \wedge=\sum_{j=1}^{L}V(j)\hat{w}_{j}$ , $V(j)=v_{h}\wedge(b_{j})$
. ,
$\alpha_{1j}=a^{M}(\hat{w}_{j},\hat{w}:)$ , $\lambda_{1j}=\wedge l_{M}(\hat{w}_{j},\hat{w}_{1})$ : $1\leq i,j\leq L$
. ,
$\lambda_{2j}=0$ , $i>N_{0}$ or $j>N_{O}$
. $A$ , $F$ , V .
$A_{0}$ $=$ $(\alpha_{1j})_{1\leq i,j\leq N_{0^{2}}}$
$F$ $=$ $(F_{j})_{1\leq j\leq N}$ ,
$A_{1}$ $=$ $(\alpha_{*j})_{N_{0}+1\leq i,j\leq N}$ ,
$F_{j}$ $=$ $F^{M}(\hat{w}_{j})$ ,
$A_{2}$ $=$ $(\alpha_{ij})_{N+1\leq i_{\dot{\theta}}\leq L}$ ,
$F_{0}$ $=$ $(F_{j})_{1\leq J\leq N_{0}}$ ,
$A_{l0}$ $=$ $(\alpha_{1j})_{\text{ }0+1\leq i\leq N,1\leq J\leq N_{0}}$ ,
$A_{01}$ $=$ $A_{10}^{T}$ ,
$F_{1}$ $=$ $(F_{j})_{N_{0}+1\leq j\leq N}$ ,
V $=$ $(V(j))_{1\leq j\leq N}$ ,
$A_{21}$ $=$ $(\alpha_{1j})_{N_{1}+1\leq i\leq L,N_{0}+1\leq i\leq N}$ ,
$A_{12}$ $=$ $A_{21}^{T}$ ,
$V_{0}$ $=$ $(V(j))_{1\leq j\leq N_{0}}$ ,
$V_{1}$ $=$ $(V(j))_{N_{0}+1\leq J\leq N}$ .
A $=$ $(\lambda:j)_{1\leq i,j\leq N_{0}}$ .
, $(\Pi_{M})\wedge$ (E) .
(E) $(\begin{array}{ll}A_{0}+\Lambda A_{01}A_{l0} A_{1}\end{array})(\begin{array}{l}V_{0}V_{l}\end{array})=(\begin{array}{l}F_{0}F_{1}\end{array})$ .
, \alpha , . $F_{j}$ ,
. $\lambda_{:j}$ . , $C_{n}$





$(d{}_{j}\overline{C}_{n}^{M})$ : $1\leq j\leq 2M$, $0\leq n\leq M$,
$s_{jn}$ $=$
$(\overline{w}_{j},\overline{S}_{n}^{M})$ : $1\leq j\leq 2M$, $1\leq n\leq M-1$
. .






$\Lambda\hat{P}_{M}(\gamma^{M}\hat{w}_{j})$ $=c_{j0} \Lambda C_{0}+\sum_{n=1}^{M-1}$ { $c_{jn}\Lambda C_{n}+s_{jn}$A$S_{n}$ } $\cdot+c_{jM}\Lambda C_{M}$
$= \sum_{n=1}^{M-1}\{c_{jn}\Lambda C_{n}+s_{jn}\Lambda S_{n}\}+c_{jM}\Lambda C_{M}$ .
,
$\hat{P}_{M}(\gamma^{M}\hat{w};)$ $=cC+ \sum_{n=1}^{M-1}\{c_{in}C_{n}+s_{in}S_{n}\}+c_{iM}C_{M}$ .
$\{C_{n}, S_{n}\}$ $L^{2}(\Gamma_{a})$ ,
$\lambda_{1j}$ $=$ $\wedge l_{M}(\hat{w}_{1},\hat{w}_{j})$ $=$ $\int_{\Gamma_{a}}\{\Lambda\hat{P}_{M}(\gamma_{M}\hat{w}_{j})\}\hat{P}_{M}(\gamma_{M}\hat{w}_{1})d\Gamma$







, $\Gamma$ $g$ ,
(E) $(\begin{array}{lll}A_{0}+A A_{01} 0A_{10} A_{l} A_{12}0 0 I_{2}\end{array})(\begin{array}{l}V_{0}V_{l}V_{2}\end{array})=(\begin{array}{l}F_{0}F_{l}G\end{array})$
. , $g$ ,
$g= \sum_{j=N+1}^{L}G(j)\hat{w}_{j}$ , $G=(G_{(j)})_{N+1\leq J\leq L}$






$D( \Lambda^{s})=\{\varphi\in L^{2}(\Gamma_{\alpha}):\sum_{n=0}^{\infty}(\frac{n}{a})^{2\epsilon}\{|(\varphi,C_{n})|^{2}+|(\varphi, S_{n})|^{2}\}<\infty\}$,
$\Lambda^{s}\varphi=\sum_{n=1}^{\infty}(\frac{n}{a})^{s}\{(\varphi, C_{n})C_{n}+(\varphi, S_{n})S_{n}\}$ for $\varphi\in D(\Lambda^{s})$ .





$a$ $\Omega_{a}$ . $m$ , $H^{m}(\Omega_{a})$
$H^{m}(\Omega_{a})$ $=$ $\{v\in L^{2}(\Omega_{a});D^{\alpha}v\in L^{2}(\Omega_{\alpha}), |\alpha|\leq m\}$
. $D^{\alpha}v$ :
$D^{\alpha}v= \frac{\partial^{|\alpha|}v}{\partial x_{1^{\alpha_{1}}}\partial x_{2^{\alpha_{2}}}}$ $=\alpha_{1}+\alpha_{2},$ $\alpha_{1}\geq 0,$ $\alpha_{2}\geq 0$
. (Lions-Magenes[5] ) , $s\in[0,1]$ ,
$H^{1+s}(\Omega_{a})=[H^{2}(\Omega_{a}), H^{1}(\Omega_{a})]_{1-\epsilon}$
. ([5] , $H^{m}(\Omega)$ $v$
, , .) $\Omega_{a}$ ,
$C^{\infty}(\overline{\Omega_{a}})$ . $C^{\infty}(\overline{\Omega_{a}})$ $v$ $\Gamma_{a}$
, $\Gamma_{a}$ . $\gamma$ :
$C^{\infty}(\overline{\Omega_{a}})\ni varrow\gamma v\in C^{\infty}(\Gamma_{a})$.
, $C^{\infty}(\Gamma_{a})$ , $\theta$ $2\pi$
. 1 .
1




$(L3)\gamma$ $H^{2}(\Omega_{a})$ $H^{3/2}(\Gamma_{a})$ . $\blacksquare$
1 , , $Ne\check{c}as[6]$ . ,
179
$H^{1/2+s}(\Gamma_{a})=[H^{3/2}(\Gamma_{a}), H^{1/2}(\Gamma_{a})]_{1-\epsilon},$ $0\leq s\leq 1$
([5] p.10 (2.7) ). 1 $(L1 )$ $(L3 )$ , [5] Chapt.1 Theorem 5.1
(p.27) , 1 .
1
$\gamma\in L(H^{1+s}(\Omega_{a}), H^{1/2+\epsilon}(\Gamma_{a})),$ $0\leq s\leq 1$
, :
$\Vert\gamma||_{L(H^{1}+*(\Omega_{a}),H^{1}/2+*(\Gamma_{a}))}$





$a(v)$ $=$ $a(v,v)^{1/2}$ ,
$l(\varphi)$ $=$ $l(\varphi,\varphi)^{1/2}$ .
, $v\in H^{1}(\Omega_{i})$ ,
$a(v)=( \int_{\Omega}.\cdot|\nabla v|^{2}dx)^{1/2}$




$\mathcal{O}$ $a$ $\overline{\lambda}=\overline{\lambda}(\mathcal{O},a)$ ,
$l(\gamma v)$ $\leq$ $\overline{\lambda}a(v),$ $v\in V$
.
$\Gamma_{a}$ 1 , $\mathcal{O}$ $0$ $C^{\infty}(\overline{\Omega_{a}})$ $\theta$
. ,
(7.1) $\gamma(\theta v)=\gamma v$
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. 1 $(L1)$ , $C$ ,
(72) $|\gamma(\theta v)|_{1/2}\leq C\Vert\theta v\Vert_{H^{1}\langle\Omega_{u})}$
. $\theta$ $C_{\theta}$ ,
(7.3) $||\theta v||_{H^{1}(\Omega_{a})}\leq C_{\theta}\Vert v||_{H^{1}(\Omega:)}$
. ,
$V=\{v\in H^{1}(\Omega_{i}):v|_{\Gamma}=0\}$
, $H^{1}(\Omega_{i})$ $a(v)$ . $\Omega$ ; $C$;
(7.4) $||v\Vert_{H^{1}(\Omega:)}\leq C;a(v),$ $v\in V$
. (7.1), (7.2), (7.3), (7.4) ,
$|\gamma v|_{1/2}\leq CC_{\theta}C_{i}a(v)$
. $|\varphi|_{s}$ ,
$l(\gamma v)=|\Lambda^{1/2}\gamma v|\leq|\gamma v|_{1/2}$
. ,
$\overline{\lambda}=CC_{\theta}C_{i}$
, 2 . $\blacksquare$
3
$(\Pi)$ $u$ $(\Pi^{M})$ $u^{M}$ ,
$a(u-u^{M})\leq\overline{\lambda}l(\gamma u-P_{M}\gamma u)$





, $P_{M}$ $L^{2}(\Gamma_{a})$ ,
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. , $u$ $(\Pi)$ ,
$a(u,v)+l(\gamma u,\gamma v)=F(v)$
$v\in V$ . ,
(76) $a(u,v)+l(\gamma u-P_{M}\gamma u,\gamma v)+l(P_{M}\gamma u,\gamma v)=F(v)$
. $u^{M}$ $(\Pi^{M})$ ,
$a(u^{M},v)+l_{M}(\gamma u^{M},\gamma v)=F(v)$
$v\in V$ . (7.5) ,
(7.7) $a(u^{M},v)+l(P_{M}\gamma u^{M},\gamma v)=F(v)$
. (7.6), (7.7) ,
$a(u-u^{M},v)+l(P_{M}(\gamma(u-u^{M})),\gamma v)=l(P_{M}\gamma u-\gamma u,\gamma v)$
$v\in V$ . $v=u-u^{M}$ ,
$a(u-u^{M})^{2}\leq$ $l(P_{M}\gamma u-\gamma u,\gamma(u-u^{M}))$
. ,
$a(u-u^{M})^{2}\leq$ $l(P_{M}\gamma u-\gamma u)l(\gamma(u-u^{M}))$
. 2 ,
$a(u-u^{M})^{2}\leq\overline{\lambda}l(P_{M}\gamma u-\gamma u)a(u-u^{M})$
. $a(u-u^{M})$ , 3 . $\blacksquare$
1





. 2 $v\in V$ ,
$a_{M}(v)^{2}$ $\leq$ $a(v)^{2}+l(\gamma v)^{2}$
$\leq$ $(1+7^{2})a(v)^{2}$
. ,
(7.8) $a(v)\leq a_{M}(v)\leq\sqrt{1+\overline{\lambda}^{2}}a(v)$ , $v\in V$
. $V$ $a_{M}(u,v)$ .








$(7.9)$ $a_{M}(u-u_{h}^{M})$ $\leq$ $a$ $(u-\mathcal{P}_{h}^{M}u)$ $+$ $a_{M}(\mathcal{P}_{h}^{M}(u-u^{M}))$
P $a_{\ovalbox{\tt\small REJECT}}(u,v)$ ,
(7.10) $a_{M}(u-\mathcal{P}_{h}^{M}u)\leq a_{M}(u-v_{h})$
$v_{h}\in V_{h}$ , ,
(7.11) $a_{M}(\mathcal{P}_{h}^{M}(u-u^{M}))\leq a_{M}(u-u^{M})$











$C$ $v\in V\cap H^{2}(\Omega_{i})$ ,
$\min_{v\in V_{h}}\Vert v-v_{h}||_{H^{1}(\Omega_{i})}\leq Ch\Vert v\Vert_{H^{2}(\Omega;)}$
. ( $C$ $h$ $v$ .)
2
$u\in V\cap H^{1+8}(\Omega_{i})$ , $s\in[0,1]$ . $h-1$
, $s\in[0,1]$ $u$ $C$ ,




(7.12) $\Vert u-u_{h}^{M}\Vert_{H^{1}(\Omega_{i})}\leq C_{i}a(u-u_{h^{M}})$
.
$\mathcal{R}_{h}$ $V$ $H^{1}(\Omega_{i})$ . $h-1$
,
(7.13) $\Vert(1-\mathcal{R}_{h})v\Vert_{H^{1}(\Omega:)}\leq Ch\Vert v||_{H^{2}(\Omega_{i})}$ .
$1-\mathcal{R}_{h}$ ,
(7.14) $\Vert(1-\mathcal{R}_{h})v\Vert_{H^{1}(\Omega:)}\leq\Vert v\Vert_{H^{1}(\Omega_{i})}$ .
,
$\Vert(1-\mathcal{R}_{h})v\Vert_{H^{1}(\Omega:)}\leq Ch^{s}\Vert v\Vert_{H^{1+s}(\Omega_{i})},$ $0\leq s\leq 1$
$C$ ([5] Chapt.l Theorem 5.1 ). $v_{h}=\mathcal{P}_{h}u$ ,
$\Vert u-v_{h}\Vert_{H^{1}(\Omega;)}\leq Ch^{s}\Vert u\Vert_{H^{1+s}(\Omega_{i})}$
. ,
(7.15) $a(u-v_{h})\leq Ch$“ $\Vert u\Vert_{H^{1+s}(\Omega_{i})}$ .
$\varphi=\gamma u$ . 1 $s$ $C$ ,
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$\leq$ $\frac{a^{2s}}{M^{2\epsilon}}\sum_{n=1}^{\infty}(\frac{n}{a})^{1+2s}\{|(\varphi,C_{n})|^{2}+|(\varphi, S_{n})|^{2}\}$ .
,
(7.17) $l((1-P_{M}) \varphi)\leq\frac{a^{s}}{M^{\epsilon}}|\Lambda^{1/2+s}\varphi|$
. (7.16), (7.17) ,
(7.18) $l((1-P_{M}) \gamma u)\leq\frac{a^{s}\cdot C}{M^{s}}\Vert u\Vert_{H^{1}}+*t^{\Omega_{i})}$
. . (7.12), (7.15), (7.18) 2 . $\blacksquare$
$h-1$ , , $\Omega_{i}$




, ( - [4]) .
$Xt$ $u$ . $h\in(0,\overline{h}$] $Tt$
$u(h)$ . , $e(h),e\sim(h)$ .
$e(h)$ $=$ $||u_{h}-u||$ ,
$\sim e(h)$ $=$ $||u_{h}-u_{h/2}||$ .
, $h$ $\alpha,$ $c_{1},c_{2},\tilde{\alpha},$ $c\sim_{1}$ , $h\in(0,\overline{h}$]
,
(8.1) $c_{1}h^{\alpha}$ $\leq$ $e(h)$ $\leq$ $c_{2}h^{\alpha}$ ,
(82) $c\sim_{1}h^{\alpha}\sim$ $\leq$ $e\sim(h)$ $\leq$ $c\sim_{2}h^{\alpha}\sim$
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, $\alpha=\tilde{\alpha}$ . $\blacksquare$
(8.1) , $e(h)$ , $\sim e(h)$
, $e(h)$ .
, (8.1) , $e\sim(h)$
, $e(h)$ .
, $u$ , $u_{h}$
, , $u_{h/2}$ $h$
.
9.
$\mathcal{O}$ , $–\backslash \Phi 2$ ,
. , .
$\Gamma_{a}$ , $a=5$ . \S 5 \S 6
$\Omega_{1}^{M}$ , 6.1 . ,
$M=12$ . 2 1, 3 1, $\cdot$ .. ,
1, 2, 3, 4, 6, 8 . , $\Omega_{1}^{M},$ $M=12,24$,









9.1 $u^{M}(r,0)$ 9.2 $u^{M}(r,r)$
186
$(\Pi^{M})\wedge$ $u^{M}(x,y)$ . 9.1 ,
$u^{M}(r,0)$ , 9.2 , $u^{M}(r,r)$ $M$
. , 91 $u^{M}(r,0)$ , 9.2 , $u^{M}(r,r)$ $r$







. , $h=1/M$ . , $L^{2}$
, $||\cdot||_{L^{2}(\Omega;)}$ $H^{1}$ , $||\cdot||_{H^{1}(\Omega:)}$ .
, $H^{1}(\Omega_{i})$ , $V_{h/2}$ , $u_{h}$
:
$u_{h}\in V_{h}$ $\subset V_{h/2}\subset H^{1}(\Omega_{i})$
187
, $u_{h}$ $V_{h/2}$ , $e\sim(h)$ $V_{h/2}$
([4] ).
, $(\Pi^{M})\wedge$ , $\hat{V}_{h}\not\subset H^{1}(\Omega_{i})$ , $\hat{V}_{h}\not\subset\hat{V}_{h/2}$
. , $v_{h}\wedge\not\subset\hat{V}_{h}$ , $\hat{V}_{h/2}$ $(v_{h}\wedge)_{h/2}$
,
$||(\hat{u}_{h})_{h/2}-\hat{u}_{h/2}||_{L^{2}(\Omega^{1/h})},$ $||(\hat{u}_{h})_{h/2}-\hat{u}_{h/2}||_{H^{1}(\Omega^{1/h})},$ $||\nabla((\hat{u}_{h})_{h/2}-\hat{u}_{h/2})||_{L^{2}(\Omega^{1/h})}$
. $L^{2}$ , $H^{1}$ , .
, $(\hat{u}_{h})_{h/2}$ $(\Pi^{M})\wedge$ . $\hat{u}_{h}$ $u^{M}$
. $(\hat{u}_{h})_{h/2}$ $\tilde{u}^{M}$ , ,
$e_{L}\sim(M)$ $=$ || $M-u^{2M}||_{L^{2}(\Omega_{1}^{2M})}$ ,
$e_{H}\sim(M)$ $=$ $||\tilde{u}^{M}-u^{2M}||_{H^{1}(\Omega_{j}^{2M})}$ ,
$\sim e_{E}(M)$ $=$ $||\nabla(\tilde{u}^{M}-u^{2M})||_{L^{2}(\Omega_{1}^{2M})}$
. 5 $\Omega_{:}^{M}$ $\mathcal{J}_{M}$
. $\mathcal{J}_{M}$ ,
4 . $\mathcal{J}_{2^{0}M}$ .
$\mathcal{J}_{2^{0}M}$ , 2 .
(0) $\Gamma_{a}^{M}$ \searrow $\Gamma_{a}^{M}$
, $b_{j}$ .
(1) (0) .
, $b_{j}$ 5 (5) . (0) $\mathcal{J}_{2M}^{00}$ ,
(1) $\mathcal{J}_{2M}^{01}$ .
, $\mathcal{J}_{M}$ $\Gamma_{a}^{M}$ $\triangle b_{j}^{M}b_{j+1^{C}}^{M}$ . ,
5 $b_{j}$ $b_{j}^{M}$ , $i$ $2M$ . $c$ , $\gamma\in(0,a)$
$\theta\in(-\pi, \pi)$ ,
$c=(\gamma\cos\theta,\gamma\sin\theta)$
. –bjMc, $\overline{b_{j+1}^{M}c},\overline{b_{j}^{M}b_{j}^{M_{+1}}}$ , $c_{j},$ $c_{i+1},$ $b_{j}^{0,2M}$
( 9.3 ). $\mathcal{J}_{2M}^{01}$ $\triangle b_{j}^{M}b_{j}^{0,2M_{Cj}}$ $\triangle c_{j}b_{j}^{0,2M}c_{j+1}$
$\triangle c_{j+1}b_{j}^{0,2M}b_{j}^{M_{+1}}$ . , $\mathcal{J}_{2M}^{01}$ , $i$ $c$ ,
. $=b_{2}^{2_{j}M},$ $b_{j}^{M_{+1}}=b_{2\langle+1)}^{2M_{j}}$ .
, $\Gamma_{a}^{M}$ $b_{j}^{0,2M}$ $\Gamma^{2M}$ $b_{2}^{2_{j}M_{+1}}$ .
, $\triangle b_{2j}^{2M}b_{2j+1}^{2M}c_{j},$ $\triangle c_{j}b_{2j+1}^{2M}c_{j+1},$ $\triangle c_{J+1}b_{2(j+1)^{C_{j}}}^{2M}$ . $i$ 1 $M$
, , $\mathcal{J}_{2^{1}M}$ . ,
$\mathcal{J}_{2M}=\mathcal{J}_{2M}^{00}\cup \mathcal{J}_{2^{1}M}$
188
. $\mathcal{J}_{2M}$ , $\hat{V}_{1/29}$
.
, $u^{M}$ $\tilde{u}^{M}$ , $b_{2j}^{2M_{+}}$, , $\tilde{u}^{M}(b_{2j}^{2M_{+1}})=u^{M}(b_{j}^{0,2M})$
. $J_{2M}$ $b$ , $\tilde{u}^{M}(b)=u^{M}(b)$ .
, $\hat{V}_{1/2M}$ $\tilde{u}^{M}$ .
$\Omega_{i}^{0,2M}=\bigcup_{T\in J_{2M}^{00}}T$
,







94 $e_{L}\sim(M),e_{H}\sim(M),$ $e_{E}\sim(M)$ . , $M$
$e\sim(M)$ $(x, y)=(\log M, \log^{\sim}e(M))$ . $M$ ,
$M=12,24,36,48$ . , $(\log M,\log^{\sim}e(M))$
$y=\alpha x+\beta$ . , $L^{2}$ $\alpha=1.364$ ,
If 1 $\alpha=0.838$ , $\alpha=0.652$ . ,
$M=36,48$ 2 $L^{2}$ $\alpha=1.369,$ $H^{1}$
$\alpha=0.750$ , $\alpha=0.659$ .
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